Folic Acid Exerts Post-Ischemic Neuroprotection In Vitro Through HIF-1α Stabilization.
The constant failure of single-target drug therapies for ischemic stroke necessitates the development of novel pleiotropic pharmacological treatment approaches, to effectively combat the aftermath of this devastating disorder. The major objective of our study involves a multi-target drug repurposing strategy to stabilize hypoxia-inducible factor-1 α (HIF-1α) via a structure-based screening approach to simultaneously inhibit its regulatory proteins, PHD2, FIH, and pVHL. Out of 1424 Food and Drug Administration (FDA)-approved drugs that were screened, folic acid (FA) emerged as the top hit and its binding potential to PHD2, FIH, and pVHL was further verified by re-docking, molecular dynamics (MD) simulation and by Drug Affinity Responsive Target Stability (DARTS) assay. HIF-1α stabilization by FA was demonstrated by the nuclear translocation and increased green fluorescence emission of HIF-1α using HIF1α-GFPSpark tag vector. Further, FA treatment enhanced the cell survival following oxygen glucose deprivation and its neuroprotective mechanism was elucidated by measuring the expression of BAX, NFE2L2, VEGF, and EPO genes in a time-dependent manner (5 and 11 h following FA treatment). VEGF and EPO expressions were significantly increased by 5.41- and 1.35-folds, respectively, whereas BAX expression reduced by 4-fold at 11 h post-FA treatment. NFE2L2 expression was elevated (1.65-fold) at 5 h with no major difference at 11 h post-FA treatment. The chicken chorioallantoic membrane (CAM) assay demonstrated the pro-angiogenic potential of FA as evidenced by an increased blood vessel density and branching. The present study elucidates for the first time that the post-ischemic neuroprotection exerted by FA may be attributed to its HIF-1α stabilization and pro-angiogenic properties.